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1078–5884/00First Report of a New Ultrasound Velocity Based System for
Atherosclerotic Plaque Characterisation
P.D. Srodon,1* M. Brewin2 and M.J. Birch21Department of Vascular Surgery, and 2Clinical Physics, Royal London Hospital, London E1 1BB, UKPurpose. To built an experimental system that can create ultrasound velocity maps for human tissues.
Methods and results. We describe a new experimental system and its use to examine ex vivo specimens of carotid
atherosclerotic plaque.
Conclusion. This new ultrasound system is promising but requires further testing and development in the laboratory.Keywords: Ultrasound; Atherosclerosis; Plaque.Introduction
Current methods for assessment of carotid athero-
sclerosis do not reliably identify those at risk of stroke.
At best it is estimated that 15 symptomatic patients
with severe stenosis must undergo surgery for one to
benefit,1 and 18% of those selected for medical
treatment will subsequently suffer a stroke. The case
for asymptomatic patients is even less clear, where 43
must undergo surgery for one to benefit.2 These
dilemmas arise because we are treating patients as
groups rather than individuals. A new method of
correctly predicting if and when an atherosclerotic
plaque will break-down and embolise, causing a
stroke, is required. In engineering, the strength and
durability of a structure can be accurately predicted by
non-destructive testing using finite element analysis
(FEA). This technique has already been applied to
plaques using MRI,3 where a computerised structural
map of the plaque is created, which is stressed by the
forces of blood flow by mathematic manipulation. In
the non-destructive testing industry, these methods
would give the strength and durability of the
structure, i.e. in the case of atherosclerosis when and
if the plaque would rupture. The limit to the
application of FEA to the assessment of atherosclerosising author. P.D. Srodon, MD, FRCS, 2nd Floor Front
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within the plaque are not known. In industry, the
determination of these parameters is carried out using
ultrasound. Whereas medical ultrasound systems rely
on processing the amplitude of backscattered ultra-
sound signals, industrial ultrasound systems measure
velocity change. Ultrasound velocity is directly related
to the compressibility and density of the material,4 and
hence, can detect important structural weaknesses,
which are then used in FEA.Methods
We have constructed, to micro-engineering tolerances,
a provisional laboratory-based system to explore the
potential for ultrasound velocity based maps of
human atherosclerosis. The system (Fig. 1) comprises
a water-filled test tank at 20 8C with a 20 MHz
focussed ultrasound source of beam width 1 mm.
The source is held perpendicular to a specimen holder,
which can be moved by computer controlled micro-
motors. Movement increments of 25 mm are possible,
and all spatial interrelations are to within 10 mm. A
computer programme (LabView 7, National Instru-
ments USA) measures the time of flight for the
ultrasound beam, and calculates velocity to within
G5 msK1. As part of an ethically approved study,
human atherosclerotic plaque obtained from patientsEur J Vasc Endovasc Surg 29, 536–538 (2005)
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Fig. 1. The ultrasound apparatus and test-tank. Ex vivo plaque is mounted in tissue modelling material (TMM), and scanned
by computer controlled movements of the holding plate relative to the fixed source.
Ultrasound Velocity Based Plaque Characterisation 537undergoing carotid endarterectomy, mounted in agar
based gel of known acoustic characteristics, were
assessed using the system.Results
At present, the system has been used to characterise
plaque samples from four patients—two symptomatic
and two asymptomatic. An example of the ultrasound
velocity based structural maps obtained is shown inFig. 2. Ultrasound velocity based structural mFig. 2, and a histological section through the plaque is
shown in Fig. 3. The velocity map shown has a
background (mid-blue) of 1500–1520 msK1, represent-
ing the gel in which the specimen is mounted, which is
known to transmit ultrasound at 1510 msK1 (G5 msK1).
The majority of the plaque (mid-blue) has a velocity of
1520–1540 msK1 i.e. it is slightly less compressible than
the surrounding gel. Within the plaque there is an area
of interest (dark-blue) of velocity 1540–1560 msK1,
which corresponds to the known mean transmission
velocity of fat at 20 8C of 1560 msK14, and correlatesap of human carotid atherosclerotic plaque.
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Fig. 3. Histological section through the plaque at A–B.
P. D. Srodon et al.538with an area of lipid on histological section. Within this
are somemuch harder areas (multi-colouredwith dark
red centres) of maximum velocity 1640–1660 msK1,
which would correspond to the mean transmission
velocity of hard connective tissue of 1660 msK14. A
small piece of solid tissue within the right side of the
lipid is visible on histological section, and an area of
more dense tissue overlies its left side.Discussion
This work is in its infancy, and at present is confined to
a laboratory test-tank, which produces structural
maps in only two dimensions. Development of
sonographic computerised tomography (sono CT),
with compound imaging, will enable such measure-
ments to be extracted from a multidirectional computer
controlled scanning array in vivo. Individual point
velocities could be resolved from these multiple
tangential samples.5 A three dimensional structuralEur J Vasc Endovasc Surg Vol 29, May 2005map of plaque could thus be created, which, together
with pulse waveform and wall motion analysis, and
blood pressure data, could be used in FEA to
determine the durability of the plaque.References
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